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PROCESSO DE ESTERILIZAQAO DE PRODUTOS NAO ESTAVEIS A TEKPERATURAS 
EL EV AD AS NOMEADAHENTE ESTEROIDES SOB A FORMA DE P<3, C0NTID03 EM 
EK3ALAGEM FECHADA. 



Cs processes usuais aplicados na esterilizagao de esteroides - inicronizados 
impnnham a necessidade de ao fazer a esterilizac.ao de esteroides sob a 
forma de po esta ter de ser feita em embalagem aberta. Ito,porque sendo 
o esteroide sob a forma de po, produto nao estavel a temperaturas superio- 
res a 602C, a sua esteriliza^ao tern de ser feita a frio e nessas circuns- 
tancias, e atendendo as misturas de ^ases esterilizantes usadas ate entac 
e a tecnica aplicada so com a utiliza<;ao da embalagem aberta era possivel 
obter-se um grau de esteriliza<;ao e sobretudo da posterior desgasificac.ao 
de nivel aceitavel. Todavia, este processo obrigava a operac^oes de pos 
esterilizac^ao, como por exemplo, a do fechamento ou seiamento da embal^em 
que continha o produto esterilizante . Ora, esta operagao traz sempre pe- 
rigo de contaminac,ao, a menos que se fac.a aplicaqao de aparelhagem altamen 
te complicada e dispendiosa. For outro lado, nao havia urn processo de deter 
minar duma forma simples e eficaz o teor de gas residaal absorvido pelo 
produto, 

0 metodo bu processo agora criado veio obstar os inconvenient es agora a- 
pontados. De facto, este processo permit e que se trabalhe sempre com a em- 
balagem fechada eliminado determinado tipo de opera<joes pos esterilizanao 
como o do seiamento da embalagem, e permitindo determinar-se com bastan- 
te rigor o teor de gas residual que se encontra na embalagem final apos 
a conclusao do processo. 

Para por em pratica este processo utilizou-se urn gas esterilizante, cons- 
tituido por uma mistura de oxddo de etileno e anidrido carbonico na pro- 
por<;ao de 10% e 9055 respectivamente . 0 anidrido carbonico e usado como 
substancia inerte diminuindo significativamente a explosividade d infla- 
mibilidade do oxido de etileno, o que ja nao sucede tanto com outrbs gases 
usados como substancias inertes. 

Esta mistura de gases dispoe de urn elevado grau de difusibilidade atraves 
da membrana porosa da embaj-agem e o tempo de arejamento necessario a re- 
mo<jao do total residual da mistura e identico ao necessario & remoc,ao da 
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fracqSo de oxido de etileno. Noutras misturas (ex: Eo e Freon) apos a 
remo<jao da fracgao de oxido de etileno a fracc^o de Freon nao foi ain- 
da totalmente removida. Este facto marca uma vantagem para a mistura 
esterilizante escolhida, pois a desgasif icac,ao abrange os dois gases. 

0 processo de esterilizagao a frio em embalagem fechada punha ainda 
dois problemas a resolverjum era a desgasifica^ao da embalagem apos 
a esteriliza<jao e outro, a determina<jao do teor do gas residual absor- 
vido pelp produto, e contido na embalagem, apos a desgasificac^ao. Assim, 
o processo objecto da patente compreende tres fases em intima ligac,ao, 
a saber: 

1- Esterilizac^ao 
2^ Desgasifica^ao 

3 3 Determinagao do teor de oxido de etileno num esteroide 
micronizado e esterilizado . 

Descricao do Processo 

1- Fase : Esterilizagao . 

A) Aparelhagem e materiais utilizados . 

2 

1. Uma autodave testada para 6 kg/cm. , de prefssao e tambem testada para 
vacuo, com capacidade util conveniente. Possui uma enfcrada superior 
para a carga da mistura esterilizante, com 2 valvulas e manometro gra- 
duado de 0 a 6 bar, e uma saida com manometro graduado de 0 a -1200 mba 
que permite a liga<jao ao vacuo ou a saida da mistura gasosa para a at- 
mosfera. 

Esta saida livre, da mistura esterilizante efectua-se por tubagem ate 
ao ar livre, em ponto ao abrigo de £ogos ou faiscas. 

No interior da autoclave estao colocados tabuleiros perfurados e sobre- 
postos, destinados a conter as embalagens de esteroides a esterilizar. 

2, Ligada a. autoclave existe uma garrafa contendo a mistura gasosa a pres- 
sao de 50kg/cm . A garrafa possui manoredutos para gas que permite uma 
regulac,ao da pressao de saida de 0 a 16 bar. A tubagem de liga<gao do 
manoredutor a autoclave possui aquecimento a vapor, regulavel por val- 
vula de admissao; este aquecimento tern por finalidade evitar que a mis- 
tura gasosa entre abaxo da temperatura ambiente na autoclave. 

3* Uma incubadora para os indicadores biologicos, destinada ao processo de 
esteriliza<jao por oxido de etileno. 

4. Indicadores biologicos, para esterelizatjao por gas, contendo os microor- 
ganismos considerados os mais resistentes a esteriEzagao por oxido de 



etileno. * » 

Erabalagem em manga de polietileno especialaente produzida para as 
esterilizagaes com oxido de etileno- A sua porosidade permite a di- 
fus3o do oxido de etileno nos dois sentidos, mas nao permite a entra- 
da de humidade, partxculas estranhas e microorganismos vindos do exte- 
rior. 



Processamento . 

Os esteroides micronizados a esterilizar sao embados em manga espe- 
cial de polietileno. 

Algumas das embalagens sao cheias com celite, que nao sendo urn esteroide 
tern tempos de difusao do gas atraves dela nao inferiores aos dos este- 
roides, colocando-se antes de selar a manga, urn indicador biologico no 
seu ponto mais central (local mais dificilmente ^atingivel pelo gas es- 
terilizante) para cont role da esterilizaqao. 

Colocam-se as embalagens na autoclave para onde se faz passar a mistu- 
ra gasosa esterilizante {10% de Eo e 90$ de C0 o ) e fecha-se a autocla- 
ve, procedendo-se a sua carga ate a pressao final de 1 bar/cm . As em- 
balagens sao mantidas em contacto com o gas durante 38, 5 horas sob 
pressao, apos o que, se despressuriza, abrindo-se a autoclave e retiran- 
do-se as embalagens • 

A despressurizaqao e f eita nas seguintes etapas : 

12 dia : 1 bar ^ 0,9 bar com 4,5 hr a esta pressao. 

0, 9bar---^ 0,8 bar com 4 hr a esta pressao* 
0, 8bar ^ 0,7 bar com 15,5 hr a esta pressao. 

22 dia: (15,5 hr depois): 

0,7 bar » 0, 6 bar com 4,5 hr a esta pressao. 

0,6 bar > 0, 5 bar com 4 hr a esta pressao. 

0,5 bar > 0,4 bar com 15,5 hr a esta pressao. 

3- dia: (15,5 horas deposi): 

0,4 bar » 0, 3 bar com 3 hr a esta pressao. 

0,3 bar — > 0, 2 bar com 3 hr a esta pressao. 

0,2 bar *0, 1 bar com 3 hr a esta pressao. 

0,1 bar »0 (pressao atmosf erica) 

Abre-se entao aaitoclave. Totaliza-se assira urn perxodo de 9 5> 5 hr 
entre o fecho da autoclave e a sua abertura. 

Em seguida, procede-se ao controle da esteriliza^ao sobre as embalagens 
com celite e que possuem indicador biologico, indo as restantes sofrer 
a desgasifica^ao necessaria, pelo metodo que adiante sera indicado.As 
embalagens a controlar sao abertas retirando-se os respectivos indica- 
dores biologicos que, sao, por sua vez, colocados numa incubadora junto 



com urn indicador do mesmo lote de fabrico, mas que nao sofreu « 
esteriliza9ao . 

Passadas 48 horas da incubac^ao, por observa<jao dos indicadores, 
verifica-se sa os inclicadores que sofreram a ac^ao esterilizante 
nao mudaram de cor, e , se o que nao sofreu essa acgao raudou. Neste 
caso, a esteriEziijao foi efectuada. Se ambos mudaram de cor e por- 
que a esterilizagao nao se efectuou. Note que este teste pemiite 
controlar tambem a validade dos indicadores biologicos usados des- 
de que perten^am ao mesmo lote de fabrico. 



23 Fase. Desgasif icagao . 
A) Aparelhagem usada 

Camara de desgasif icac,ao ou. aparelho desgasificador . 
0 aparelho desgasif icador e constituido por urn a camara de seccao 
rectangular em chapa de ferro pintada, com 2 tabuleiros em aqo inox, 
perfurados. Dispoe ainda de urn ventilador; uma serie de resistencias 
alhetadas; 2 chapas verticals cleslizantes para regula^ao da veloci- 
dade de saida do ar quente; urn termometroj um sistenia de comando para 
regulac.ao do aquecimento das resistencias, e para arranque do ventila- 
^ dor e um sistema electrico com termostato para desligar as resisten- 
cias caso a tepperatura ultrapasse os 5° 2 C a entrada da camara. 

3) Metodo de Desgasif icac^o . 

Retiram-se da autoclave as embalagens de esteroide esterilizado, a 
desgasificar e colocam-se no desgasificador (com excep<jao das em- 
balagens - teste para o controle de esterilizacao) • Sao entao sub- 
metidas a ventilac,ao for^ada a 50^C durante 48 horas, ininterrrupta- 
mente. Apos este periodo sao retiradas do desgasif icador, send o uma 
parte destas embalagens retiradas para determinagao do teor residual 
em oxido de etileno. Atraves deste metodo conseguem-se uma diminuic.ao 
substancial do teor residual emoxido de etileno por comparagao com 
os metodos usuais em que a desgasifica^ao e feita por simples expo- 
si<jao da embalagem ao ar (embalagens abertas) e as efectuadas a tem- 
peratura ambiente (14-C - l8°c) com ventCLaqao for^ada. As desgasifi- 
cac.oes efectuadas numa estufa de vacuo, a 4C^C,com uma rnuito ligeira 
ventilac,ao e sob uma depressao de IS mm de Hg, acusaram em rela^ao as 
duas ultimas, uma ligeira, mas nao suficiente diminuiqao do teor do 6- 
xido de etileno no periodo de 48 horas (period o de tempo considerado 
razoavel para esta operaqao). 




3- Fase. Oeterminaca'o do teor residual de oxido de etileno num 
esteroide esterilizado . 

A) Introducao. Concluidas as fases de esterilizacao e desgasificac^ao 
do esteroide havia que proceder-se ao calculo do teor de oxido de e- 
tifeno abs.orvido pelo produto por fomia a poder garantiF-se que este 
nao ultrapassava os limites irapostos pelas nomas internacionais. 
Esta determinacao e feita sobre algumas embalagens desgasif icadas, na 
ordem clos 10%, que serao abertas e cujo esteroide sera sujeito as o- 
pera^oes necessarias a deterninac,ao do teor residual do oxido de eti- 
leno • 

Dado que a^ama de concentragoes de oxido de etileno num esteroide des- 
gasificado e ext remanent e baixa seria necessario aplicar-se um metodo 
bastante sensivel, reprodutivel e pratico. 

2 conhecido um metodo de fiefce rminsc, ao do teor de oxido de etileno no 
ar que e urn. metodo espectro fotometrico e pontanto de grande sensibi- 
lidade. £ com base nesse metodo que se criou o processo de analise c!o 
teor de oxido de etileno em esteroicles micronizados e esterilizados « 
Aplicando o metodo de J ♦ Gage deitar-se-ia urea por^ao de esteroide es- 
terilizado numa solu<;ao, agitava-se para que o oxido de etilenosse dis- 
solvesse totalmente, filtrava-se para retirar o esteroide ja liberto 
do oxido de etileno e fazia-se a leitura da absorvencia da solu«;ao 
contra agua destilada. 0 resultado daria imediatamente o valor da 
absorvancia correspondente ao oxido de etileno. Todavia, verif icou-se 
que unia parte do esteroide. tarnbem se dissolvia na soluc^ao, logo inter- 
ferindo no desenvolvimento colorimetrico . Interf erencia essa que va- 
ria de intensidade conforme o esteroide em causa. 

B) Experimentacao > 

Fez-se o desenvolvimento de yarios "brancos" lidos no espectrof otome- 
tro contra agua destilada, cuj os resultados se apresentam na tabela 
seguinte. 



Produto 


Absorvancia 
media 


Erro 
Absoluto 


Erro 
Relativo 




Prednacindona 


0,049 


t 0,0090 


- 18, 4J! 


r\ 


Dexa-metasona Acetato 


0,026 


t 0,0053 




Dexa-metasona Fosfato 


0,094 


- 0,0028 


- 3, 0% 


B 


Dexa-metasona 3ase 


0,189 


- 0,0015 


± 0, 8% 



Tabela 1 ; Verificagao experimental da intessidade da interf erencia 
de varios esteroides e respectivos desvios. 



As condi^oes necessarias para que ee obtenham erros da ordem dos I 
conseguidos com os ensaios 3, sao as seguintes; 

1. Produtos perfeitamente identicos, isto e, do mesmo lote de fabrico. 

2. Maxima reprodutibilidade nos tempee de aquecimento e temperaturas 
de banlio. 

3. Peso do produto para a amostra (produtos esterilizados) e branco 
(produto nao esterilizado) sempres iguais, e entre os 500 e os 503 
mg (quantidade suficiente face aos resultados experimentais encon- 
trados ) • 

Observadas estas condiqoes conseguiram-se obter desvios relativos da 
ordem dos verificados nos ensaios 3, bem como desvios de 0% coiao se 
indica na tafeela seguinte: 



Produto 


Absorvancia 
media 


Erro 
relativo 


Prednacino 


0,042 


0% 


Dexa acetato 


0, 025 


0% 


Prddnisolona 
Pivalato 


0,050 


0% 



Tabela 2: Verificaqao experimental da intensidade da inter- 
ferencia de varios esteroides e respectivos des- 
vios ♦ 

Prova-se pois que o valor das absorvancias das interferencias sao 
perfeitamente reprodutiveis, podendo-se af irmar, com boa margem de 
garantia, que os desvios absolutos sao inferiores a 5J5. 
Determinadas as absorvancias relativas aoe esteroides nao esterili- 
zados (brancos) bastava determinar-se agora as absorvancias relati- 
vas aos esteroides esterilizados nao arejados (amostras). A diferenqa 
encontrada seria necessariamente caasada pela presenga do oxido de 
etileno no esteroide. 

Apresenta-se na tatrie 3 os resultados experiment a is obtidos; 



Produto 


Absorvancia 
da interfer. 


Erro relativo 
da interfer. 


absorvancia 
do prod.este. 


Erro relativo 
da amostra 


Prednacino 


0,042 


0% 


0, 160 




Dexa Base 


0,189 


0, ti% 


0, 235 




9alf afluor 
. prednisolona 


0, 021 


3, 6% 


0,066 


4,2£ 

, i 


Celite 


0,014 




0,067 


• : '5, 1% 
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Tabela ft ; Conparacao de resultados das absorvancias dos produtos' 
esterxlxzados com os das respectivas interferencias. 

Verifioou-se assira a sensibilidade do metodo ao oxido de etileno. 
VerifiBOu-se tambeft experimentalmente a peprodutibilidade dos resul- 
tados obtidos. Assom, aplicado o espectrofot6metro a uraa amostra con- 
tra urn branco obtem-se imedaiamente o valor da absorvancia correspon- 
dente ao oxido de etileno. 

Para determinate do valor em p.p. m . do oxido de dtileno corresponden- 
te ao valor da absorvancia indicada pelo espectrofotoinetro utili za -se 
a recta de calibracao do croraato de potassio. De facto, saba-se que 
1 ml da solucSo padrao de cronato de potassio e 1C ng de oxido de e- 
tileno apresentam valores iguais de absorvancia determinados pelo es- 
pectrofot6metro de duplo feixe U.V. Assim, ao saber-se qual o valor da 
absorvancia do oxido de etileno num esteroide micronizado e esterili- 
zado basta utilizar a recta de calibragao do cronato de -potassio em 
que se substituem os valores da concentrate do cromato P elos corres- 
pondentes valores em p.p.m, de oxido de etileno, obtendo-se desta for- 
ma os nlveis de concentracSo de oxido correspondentes aos valores das 
absorvancias determinadas . 




0,5 Cone. final solucao(ppm) 



Ha padroes alteraativos ao croaato de potassio. Pode-se usar de acordo 
com as reaccoes do processo, formaldeido, oxido de etileno ou etileno 
Slicol. nualquer destes padroes tern de ser sujeito as reaccoes, esta- 
belecidasinicialmente. Por fim determinou-se analiticamente qual a 
concentragao de oxido de etileno, atraves da qual ee obteve o erro 
total e que e dado pela formula, 



A -A, -b 



c - concentragao final de oxido de etileno na solucao final 
A - Absorvancia lida nao descontando a interferencia 

-Absorvancia lida correspondente a interferencia 
b - ordenada na origem da recta de calibracao 
3 - coeficiente angular da recta de calibracao. 



0 valor da concentragao encontrada para 9-Fluor esterilizado foi da 
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ordem do encontrado graf icamente afectado de un erro de -14a', erro t 
devido ao erro da interf erencia, do erro da propria analise de oxido 
de etileno ao erro do coeficiente angular da recta de calibra^ao e 
pelo erro da ordenada na origem da mesma recta. 

Este erro e bastante razoavel tendo em conta a baixa concentra<jao 
dos limites de detecqao na soluc^ao final e ainda que o que se pre- 
tende e urn arejamento do produto tal que este fique sem oxido de 
etileno. Nestas condiqoes o erro final nao ira alem de poucos p. p.m. 
Alias verificou-se em rela^ao ao 9L-Fluor que tfieou com uma concen- 
tra^ao o p. p.m., pelo que, tendo em conta o erro da analise a quanti- 
dade maxima de oxido de etileno que o produto podera conter e perfei- 
tamente despeezivel. 

C) Processo . 

a) preparam&se as seguintes solugSes: 

Solugao de acido periodico 0, 2M : 1,92 g de acido periodico a 

50ml c/li 2 0 destilada. 

Solugao de arsenito de sodio 0, Si: 3,25 g de arsenito de sodio 

a 50ml c/K ? I destilada. 

Reagente de acetilacetona : 12, 5g de acetato de amonio, aos quais 

se adicionam 1, 5 nil de acido dcetico 
glacial e Qlml de acetilacetona, sao 
diluidos com H 9 0 a 50 mi. 

Solugao padrao de cromato de potassio: Dilui-se 62, 5nig de cromato 

de potassio em destilada. 

Sabe-se que 1ml desta solugao corresponde a lOmg de oxido de etilenc 

b) 1 . amostra 

Coloca-se num erlenmeyer 0, 5g de produto esterilizado, rigorosamente 
pesados. Adcionam-se 10ml de H 7 0 destilada e 1ml da solugao de acido 
periodicOjO, 2M. Aquece-se o erlenmeyer rolhado, em agua ebuliente du- 
rante 40mn. Deixar arrefecer e adiciona-se 2ml de solugao de arsenito 
de sodio 0, 5M, agita-se e adicionam-se 2ml de reagente de acetilace- 
tona. Reaquece-se o erlenmeyer rolhado durante 6 mn. em agua ferven- 
te. Deixa-se arrefecer a temperatura ambiente, decanta-se o liquido 
e filtra-se. Da solugao obtida retiram-se 2ml e diluem-se a 50ml com 
H^0 destilada. 

2. Branco 

Procede-se do mesmo modo que para as amostras, usando a mesma quanti- 
dade de produto identico e do mesno lote ; nao esterilizado. 
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3.Fadr5es 



Da soluc.ao padrao de cromato de potassio retiram-se respectivaraente 
1 , 2, 3, 4* 5j 6ml e diluem-se em baloes de 50ml com H 2 0 destilada< 
Faz-se a leitura das absorvSncias referentes as solu<j8es padrao a 
412 nm,usando-se H 2 0 destilada como branco. 



Tra<;a-se a recta de calibra^ao. 




cone • solugao 



4* Substitui-se os valores da ordenada pelos correspondentes 
em oxido de etileno segundo a formula indicada. 

lml = 10 dando-se os valores da concentrate© do 
oxido de etileno na soluc^ao final em p. p.m. 



5« Faz-se a leitura da absorvancia da solii^ao amostra contra urn 
branco, aos 412 nm.seguidamente ve-se na recta de calibrate 
qual a concentra<jao de Sxido de etileno que corresponde a ab- 
sorvancia lida. 
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Processo de esterilizagao a frio para produtos nao estaveis a 
temperaturas elevadas, nomeadamente esteroides micronizados, con- 
tidos em embalagem fechada, caracterizado por se utilizar como 
gaz esterilizante uma mistura de oxido de etileno e anidrido 
carbonico na proporc^ao de 10% e 9$% respectivamente . 

Processo de esterilizagao a frio para produtos nao estaveis a 
temperaturas elevadas, nomeadamente esteroides micronizados, con- 
tidos em embalagem f echada, como reivindicado em 1, caracterizado 
por a acgao esterilizante do gas sobre o produto contido na em- 
balagem e colocado numa autoclave se processar a uma pressao de 
lbar/cm2 durante. 33*5 horas. 

Processo de esteriliza^ao a frio para produtos nao estaveis a 
temperaturas elevadas, nomeadamente esteroides micronizados, con- 
tidos em embalagem fechada, cono reivindicado em 1 e 2, caracteri- 
zado por a operac^ao de despressurizagao da autoclave, uma vez ter- 
minada a esteriliza^ao se efectuar durante 57 horas, nas seguintes 
etapas: 
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Processo de esterilizac^ao a frio para produtos nao estaveis a 
temperaturas elevadas, nomeadamente esteroides micronizados, con- 
tidos em embalagem fechada, como reivindicado em 1, 2 e 3, caracte- 
rffiiado por apos a despressuriza^ao e abertura da autoclave, serem 
retirados para controle de esteriliza^ao as embalagens que content 
celite onde se colo^fcou urn indicador biologico. 

Processo de esterilizac^ao a frio para produtos nao estaveis a 
temperaturas elevadas, nomeadamente esteroides micronizados, con- 
tidos em embalagem fechada, como reivindicado em 1, 2, 3, 4, caracte- 
rizado por apos a despressurizacSo se proceder a desgasif icac,ao 
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das embalagens e do produto at raves dum aparelho desgasif icador 
constituido por uma camara de desgasificaqao de secqao rectangular, 
dois tabuleiros perfurados, um ventilator, uma serie de resisten- 
cias altetedas, duas chap as verticals deslizantes para regulac.ao da 
velocidade de saida do ar quente, um tennometro, um sistema de coman- 
do para regulaqSo do aqueciinento das resistencias e para arranque do 
ventilador e um sistema electrico com termostato para desligar as re- 
sistencias caso a temperatura exceda os 5& 9 C a entrada da camara* 

6. Processo de esterilizaqao a frio para produtos nao estaveis a tempe- 
raturas elevadas, nomeadamente esteroides micronizados, contidos em 
embalagem f echada, como reivindicado em 1, 2, 3> 4> e 5 caracterizado 
por as embalagens serera colocadas nos desgasif icador e submetidas a 
ventilaqao forqada a 50$£ durante 4^ horas, ininterruptamente . 

7. Processo de esterilizaqao a frio para produtos nao estaveis a tempe- 
raturas elevadas, nomeadamente esteroides nicronizados, contidos em 
embalagem f echada, como reivindicado em 1, 2, 3, 4> 5 e 6, caracteri- 
zado por apos a desgasif icac,ao serein retiradas do lote um determinado 
numero de embalagens para determinagao do teor residual de oxido de 
etileno no esteroide esterilizado. 

3. Processo de esterilizagao a frio para produtos nao estaveis a tempe- 
raturas elevadas, nomeadaruente esteroides nicronizados, contidos em em- 
balagem fechada, como reivindicado em 1, 2, 3, 4 , 5, 6 e 7, em que a 
determinaqao do teor de oxido de etileno no esteroide esterilizado por 
espectrofotometria do visivel e caracterizado por o valor da absorvan- 
cia correspondente ao oxido de etileno ser obtido pela diferenca entre 
a absorvancia da soliiiaao contendo esteroides esterilizados e a absor- 
vancia correspondente a interf crencia do esteroide nao esterilizado 
no desenvolvimento colorimetrico da soluqao, 

xxxxx//xxxxxx 



Lisboa, 22 de Maio de 1979. 
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PATENT NO. 69652 



Description relating to the application for a 
patent of invention by QUATRUM-Empresa 
Nacional de Quimica Organica, S.A.R.L., a 
Portuguese industrial concern having its 
registered office at Av Joao XXI, 10-6° dt- 
Lisbon, for: 

PROCESS FOR STERILIZING PRODUCTS WHICH ARE UNSTABLE AT HIGH 
TEMPERATURES SPECIFICALLY STEROIDS IN POWDER FORM CONTAINED 

IN SEALED PACKAGING 

The normal processes used for sterilising micronized steroids make it necessary to sterilize 
the steroids in powder form, that is it has to be done with the packaging open. Because 
steroid in powder form is a product which is not stable at temperatures above 60°C f it has 
to be sterilized cold, and under these circumstances, and given the mixtures of sterilizing 
gases and the technique used hitherto, only with the use of open packaging has it been 
possible to obtain an acceptable level of sterilization, and in particular subsequent 
degassification. However, this process required post-sterilization operations such as e.g. 
closing the seal of the package containing the sterilising material. Now this operation 
always gives rise to the hazard of contamination, unless extremely complicated and 
expensive equipment is used. Also there has been no method for determining the residual 
gas concentration absorbed by the product in a simple and effective way. 

The method or process described here overcomes the disadvantages mentioned. In fact this 
process makes it possible to work with the packaging closed, avoiding specific types of 
post-sterilization operation such as sealing of the package, and making it possible to 
determine the residual gas concentration present in the final package on completion of the 
process with sufficient accuracy. 

In order to implement this process a sterilising gas comprising a mixture of ethylene oxide 
and carbon dioxide in the proportions 10% and 90% respectively is used, The carbon 
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dioxide is used as an inert substance to significantly diminish the explosibility and 
flammability of the ethylene oxide, which it has hitherto not been possible to achieve with 
other gases used as inert substances. 

This mixture of gases has a high capacity for diffusing through the porous membrane of the 
packaging and the ventilation time required for removal of all the residual mixture is the 
same as that required for the removal of the ethylene oxide fraction. In other mixtures (e.g. 
EO and freon), the freon fraction is not completely removed after the ethylene oxide 
fraction has been removed. This fact represents an advantage for the sterilising mixture 
chosen, because degassification covers both gases. 

The cold sterilization process in closed packaging also raises two problems which have to 
be solved: one is degassification from the package after sterilization and the other is 
determination of the concentration of the residual gas concentration absorbed by the product 
and contained in the packaging after degassification. Thus the process to which the patent 
relates comprises three intimately linked stages, namely: 

1. Sterilization 

2. Degassification 

3. Determination of the concentration of ethylene oxide in a micronized and 
sterilized steroid. 

Descriptio n of the process 

Stage 1 : Sterilization 

A) Equipment and materials us ed 

1. An autoclave tested to 6 kg/cm 2 pressure and also tested for vacuum, having an 
appropriate useful capacity. This has an upper inlet for loading the sterilising mixture, 
with 2 valves and a pressure gauge graduated from 0 to 6 bar, and an outlet with a 
pressure gauge graduated from 0 to -1200 mbar, providing a connection to vacuum or an 
oudet for the gas mixture to atmosphere. 

The sterilising mixture leaves freely through piping to the open air, to a point away from 
fire or sparks. 
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Superimposed perforated trays to hold the packages of steroids requiring sterilization are 
placed within the autoclave. 

2. Connected to the autoclave there is a bottle containing the gas mixture at a pressure of 
50 kg/cm 2 . The bottle has pressure reducers for the gas so that the outlet pressure can be 
regulated from 0 to 16 bar. The connecting piping between the pressure reducer and the 
autoclave is steam heated, and this can be adjusted by an admission valve; the purpose of 
this heating is to prevent the gas mixture from entering below the ambient temperature in 
the autoclave. 

3. An incubator for biological indicators intended for the ethylene oxide sterilization 
process. 

4. Biological indicators for gas sterilization, containing the microorganisms which are 
regarded as being most resistant to sterilization by ethylene oxide. 

5. Polyethylene sleeve packaging specially produced for sterilization with ethylene oxide. 
Its porosity enables the ethylene oxide to diffuse in two directions, but does not allow 
moisture, foreign particles or microorganisms from the exterior to enter. 

B) Processing 

1. The micronized steroids requiring sterilization are packed in the special polyethylene 
sleeve. 

2. Some of the packages are filled with celite, which, not being a steroid, has gas diffusion 
times of not less than those for the steroids, with a biological indicator being placed at 
the most central point (location most difficult to reach by the sterilising gas) before 
sealing the sleeve for checking sterilization. 

3. The packages are placed in the autoclave through which the sterilising gas mixture (10% 
EO and 90% COj) is passed, and the autoclave is closed, it being raised to a final 
pressure of 1 bar/cm 2 . The packages are kept in contact with the gas for 38.5 hours 
under pressure, after which they are depressurized, the autoclave is opened and the 
packages are removed. 
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4. Depressurization is performed in the following stages: 

1st day: 1 bar -> 0.9 bar with 4.5 hours at this pressure 
0.9 bar-* 0.8 bar with 4 hours at this pressure 
0.8 bar-* 0.7 bar with 15.5 hours at this pressure. 

2nd day: (15.5 hours later): 

0.7 bar-* 0.6 bar with 4.5 hours at this pressure 
0.6 bar— > 0.5 bar with 4 hours at this pressure 
0.5 bar-» 0.4 bar with 15.5 hours at this pressure 

3rd day: (15.5 hours later): 

0.4 bar-> 0.3 bar with 3 hours at this pressure 
0.3 bar-> 0.2 bar with 3 hours at this pressure 
0.2 bar-> 0.1 bar with 3 hours at this pressure 
0.1 bar~» 0 (atmospheric pressure) 

The autoclave is then opened. There is thus a total period of 95,5 hours between the 
autoclave being closed and it being opened. 

5. Sterilization is then checked using the celite packages containing a biological indicator, 
while the others are subjected to the necessary degassification using the method indicated 
below. The packages for checking are opened and the corresponding biological 
indicators removed, these then being placed in an incubator together with an indicator 
for the same manufacturing batch which has not been subjected to sterilization. 

After 48 hours incubation a check is made, by observing the indicators, to ensure that 
the indicators which have been subjected to sterilization have not changed colour and to 
discover whether those which have not been subjected to this action have changed. If this 
is the case, sterilization has been effected. If both change colour this is because 
sterilization has not been effected. Note that this test also makes it possible to check the 
validity of the biological indicators used because they belong to the same manufacturing 
batch. 



Stage 2. Degassification 



A) Equipment used 

Degassification chamber or degassifying equipment. The degassifying equipment comprizes 
a chamber of rectangular cross-section of painted sheet iron with 2 perforated stainless steel 
trays. There is also a fan, a set of resistances in series, 2 sliding vertical plates to regulate 
the outlet velocity of the hot air, a thermometer, a control system to control the heating of 
the resistances and to start the fan, and an electrical system with a thermostat to disconnect 
the resistances if the temperature at the inlet to the chamber exceeds 56 °C. 

B) Method of degassification 

The packages of sterilized steroid requiring degassification are removed from the autoclave 
and placed in the degassifier (with the exception of the test packages for checking 
sterilization). They are then subjected to forced ventilation at 50°C for 48 hours without 
interruption. After this period they are removed from the degassifier, and some of the 
packages are removed for determination of the residual ethylene oxide content. Using this 
method the residual ethylene oxide content can be substantially reduced in comparison with 
conventional methods in which degassification takes place by simply exposing the package 
to air (open packages) and those performed at ambient temperature (14°C - 18°C) with 
forced ventilation. Degassification performed in a vacuum stove at 40°C with very slight 
ventilation and with a negative pressure of 15 mm Hg provides a slight but insufficient 
decrease in the ethylene oxide concentration over a period of 48 hours (a period of time 
considered reasonable for this operation) in comparison with the two above. 

Stage 3. Determination of the res idual ethylene oxide content in a sterilized steroid 

A) Infrofl^ipn 

Once the stages of sterilization and degassification of the steroid have been completed, the 
concentration of ethylene oxide absorbed by the product must be calculated in order to be 
able to guarantee that this does not exceed the limits specified by international standards. 
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This determination is made on some degassified packages, of the order of 10%, which are 
opened and whose steroid has been subjected to the operations necessary for determining 
the residual ethylene oxide content. 

Given that the range of ethylene oxide concentrations in a degassified steroid is extremely 
low it will be necessary to use a method which is quite sensitive, reproducible and 
convenient. 

One method of determining ethylene oxide concentration in air, which is a 
spectrophotometric method, and therefore a highly sensitive method, is known. It is on the 
basis of this method that the process for analysing the ethylene oxide content of micronized 
and sterilized steroids has been based. 

Using the method of J.Gage a portion of sterilized steroid is placed in a solution and shaken 
so that the ethylene oxide dissolves totally; this is filtered to remove the steroid now free 
from ethylene oxide and the absorbance of the solution is read against distilled water. The 
result immediately yields the absorbance value corresponding to the ethylene oxide. 
However it has been found that some of the steroid also dissolves in the solution, 
immediately interfering with the colorimetric development. This interference varies in 
strength depending on the steroid in question. 

B) Experiment 



Various "blanks" read in the spectrophotometer against distilled water were developed, and 
the results are presented in the table below. 
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Product 


Mean 
absorbance 


Absolute 
error 


Relative 
error 




Prednacindone 


0.049 ' 


±0.0090 


±18.4% 


A 


Dexa-methasone acetate 


0.026 


±0.0058 


±22.3% 


Dexa-methasone phosphate 


0.094 


±0.0028 


±3.0% 




Dexa-methasone base 


0.189 


±0.0015 


±0.8% 


B 



lafeiej,: Experimental verification of the degree of interference due to various 
steroids and corresponding differences. 

The conditions required in order to obtain errors of the order of those obtained in tests B 
are as follows: 



1. Products perfectly identical, that is from the same manufacturing batch. 

2. Maximum reproducibility in heating times and bath temperatures. 

3. Weight of product for sample (sterilized products) and blank (non-sterilized product) 
always the same, between 500 and 503 mg (a sufficient quantity in the light of the 
experimental results obtained). 



If these conditions are observed it is possible to obtain relative differences of the order of 
those found in tests B, as well as differences of 0% as indicated in the following table: 



Product 


Mean absorbance 


Relative error 


Prednacin 


0.042 


0% 


Dexa acetate 


0.025 


0% 


Prednisolone pivalate 


0.050 


0% 



Table 2: Experimental verification of the level of interference of various steroids and 
corresponding differences. 

A test was then performed to see if the absorbance value of the interference was perfectly 
reproducible, and it can be stated with a good margin of confidence that the absolute 
differences are less than 5 % . 
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To determine the relative absorbances of non-sterilized (blank) steroids it is sufficient to 
determine absorbances relative to the non- ventilated sterilized steroids (samples). The 
difference found will necessarily be caused by the presence of ethylene oxide in the steroid. 

The experimental results obtained are shown in Table 3: 



Product 


Absorbance 

due to 
interference 


Relative error 

due to 
interference 


Absorbance of 
the steroid 
product 


Relative error 
due to the 
sample 


Prednacin 


0.042 


0% 


0.160 




Dexa base 


0.189 


0.8% 


0.235 




9-alphafluoroprednisolone 


0.021 


3.6% 


0.066 


4.2% 


Celite 


0.014 




0.067 


5.1% 



Table_3: Comparison of the results of the absorbances of sterilized products with 
those from corresponding interference. 

The sensitivity of the method to ethylene oxide has thus been confirmed. 

The reproducibility of the results obtained was also checked experimentally. Thus, using 
the spectrophotometer with a sample against a blank, the absorbance value corresponding to 
ethylene oxide is immediately obtained. 

The potassium chromate calibration line is used to determine the value of ethylene oxide in 
p.p.m. corresponding to the absorbance value indicated by the spectrophotometer. In fact it 
is known that 1 ml of standard potassium chromate solution and 10 mg of ethylene oxide 
have identical absorbance values determined by a double band UV spectrophotometer. Thus 
to find out the absorbance value of ethylene oxide in a micronized and sterilized steroid it is 
sufficient to use the potassium chromate calibration line in which the values of the chromate 
concentration are substituted by the corresponding values of ethylene oxide in p.p.m., thus 
obtaining the oxide concentration levels corresponding to the absorbance values 
determined. 



Absorption 




0. 3 



0, A 



o, S Final solution concentration (p.p.m.) 
There are alternative standards to potassium chromate. Depending upon the process 

reactions, formaldehyde, ethylene oxide or ethylene glycol can be used. Any of these 

standards can be subjected to the reactions initially specified. Finally an analytical 

determination was made of the ethylene oxide concentration, from which the total error was 

obtained, this being given by the formula: 



A-A, -b 
C = 1 



C 

A 

A: 

b 

E 



final concentration of ethylene oxide in the final solution 
absorbance reading not allowing for interference 
absorbance reading corresponding to interference 
ordinate at the origin of the calibration line 
gradient of the calibration line. 



The concentration value found for sterilized 9-fluoro was of the order of that found 
graphically, affected by an error of ±14%, an error due to the interference error, from the 
error in the ethylene oxide analysis itself to the error in the gradient of the calibration line 
and the error in the ordinate in the origin of that line. 

This error is quite reasonable bearing in mind the low concentration of the detection limits 
in the final solution and also the fact that the product is ventilated so that it is free from 
ethylene oxide. Under these conditions the final error would not be more than a few 
p.p.m.. Furthermore it was found in connection with 9L-fluoro that there remained a 
concentration of 0 p.p.m., which bearing in mind the error in analysis, the maximum 
quantity of ethylene oxide which the product could contain is perfectly negligible. 
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Ci Prnrpgg 

a) The following solutions were prepared: 

0.2 M periodic acid solution: 1 .92 g of periodic acid per 50 ml of distilled H 2 0. 
0.5 M sodium arsenate solution: 3.25 g of sodium arsenate in 50 ml of distilled 
H 2 0. 

Acetyl acetone reagent: 12.5 g of ammonium acetate, to which were added 1.5 ml of 
glacial acetic acid and 0, 1 ml of acetyl acetone, diluted to 50 ml with H 2 0. 
Standard potassium chromate solution: 62.5 mg of potassium chromate was diluted 
in distilled H 2 0. 

It is known that 1 ml of this solution corresponds to 10 mg of ethylene oxide. 

b) 1. sample 

0. 5 g of sterilized product, accurately weighed, was placed in a conical flask. 10 ml of 
distilled H 2 0 and 1 ml of 0.2 M periodic acid solution were added. The stoppered conical 
flask was heated in boiling water for 40 minutes. It was allowed to cool and 2 ml of 0.5 M 
sodium arsenate solution was added, this was shaken and 2 ml of acetyl acetone reagent 
were added. The stoppered conical flask was reheated for 6 minutes in boiling water. It was 
allowed to cool to ambient temperature, the liquid was decanted off and filtered. 2 ml of the 
solution obtained were diluted to 50 ml with distilled H 2 0. 

2. Blank 

The procedure was the same as for the samples, using the same quantity of the same 
product from the same lot, but not sterilized. 

3. Standards 

1, 2, 3, 4, 5, 6 ml respectively of the standard potassium chromate solution were taken and 
diluted with distilled H 2 0 in 50 ml flasks. The absorbances of the standard solutions were 
read at 412 nm using distilled H 2 0 as a blank. 

The calibration line was drawn. 




c lni ?.iul 3r.il Concentration of solution 

4. The values of the ordinate were substituted by the corresponding ethylene oxide values 
using the formula indicated. 

1 ml = 10 ^g yielding the ethylene oxide concentration values in the final solution 
in p. p.m. 

5. The absorbance of the sample solution was read against a blank at 412 ran. The ethylene 
oxide concentration corresponding to the absorbance read was then obtained from the 
calibration line. 
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CLAIMS 

1. Cold sterilization process for products which are not stable at high temperatures, 
specifically micronized steroids, contained in sealed packaging, characterized in that a 
mixture of ethylene oxide and carbon dioxide in the proportions 10% and 90% 
respectively is used as sterilising gas. 

2. Cold sterilization process for products which are not stable at high temperatures, 
specifically micronized steroids, contained in sealed packaging, according to Claim 1, 
characterized in that for the sterilising action of the gas on the product contained in the 
packaging it is placed in an autoclave and processed at a pressure of 1 bar/cm 2 for 38.5 
hours. 

3. Cold sterilization process for products which are not stable at high temperatures, namely 
micronized steroids, contained in sealed packaging, according to Claims 1 and 2, 
characterized by the operation of depressurization of the autoclave once sterilization has 
been completed over 57 hours, through the following stages: 

1 bar -* 0.9 bar with 4.5 hours at this pressure 
0.9 bar-* 0.8 bar with 4 hours at this pressure 
0.8 bar-* 0.7 bar with 15.5 hours at this pressure. 
0.7 bar-* 0.6 bar with 4.5 hours at this pressure 
0.6 bar-* 0.5 bar with 4 hours at this pressure 
0.5 bar-* 0.4 bar with 15.5 hours at this pressure 
0.4 bar-* 0,3 bar with 3 hours at this pressure 
0.3 bar-* 0.2 bar with 3 hours at this pressure 
0.2 bar-* 0.1 bar with 3 hours at this pressure 
0. 1 bar-* 0 (atmospheric pressure) 



4. Cold sterilization process for products which are not stable at high temperatures, namely 
micronized steroids, contained in sealed packaging, according to Claims 1, 2 and 3, 
characterized in that after depressurization and opening of the autoclave they are 
removed to check sterilization of the packages containing celite in which a biological 
indicator has been placed. 
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5. Cold sterilization process for products which are not stable at high temperatures, namely 
micronized steroids, contained in sealed packages according to Claims 1, 2, 3, 4, 
characterized in that, after depressurization, degassification of the packaging and product 
is performed using degassifying equipment comprising a degassification chamber of 
rectangular cross-section, two perforated trays, a fan, a set of resistances in series, two 
sliding vertical plates to regulate the outlet velocity of the hot air, a thermometer, a 
control system to control the heating of the resistances and to start the fan, and an 
electrical system with a thermostat to disconnect the resistances if the temperature at the 
inlet to the chamber exceeds 56 °C. 

6. Cold sterilization process for products which are not stable at high temperatures, namely 
micronized steroids, contained in sealed packaging, according to Claims 1, 2, 3, 4 and 
5, characterized in that the packages are placed in the degassifier and subjected to forced 
ventilation at 50°C for 48 hours without interruption. 

7. Cold sterilization process for products which are not stable at high temperatures, namely 
micronized steroids, contained in sealed packaging, according to Claims 1, 2, 3, 4, 5 
and 6, characterized in that after degassification a specific number of packages are 
removed per batch for determination of the residual ethylene oxide content of the 
sterilized steroid. 

8. Cold sterilization process for products which are not stable at high temperatures, namely 
micronized steroids, contained in sealed packaging, according to Claims 1, 2, 3, 4, 5, 6 
and 7, in which determination of the ethylene oxide content of the sterilized steroid by 
spectrophotometry in the visual is characterized by the absorbance value corresponding 
to ethylene oxide being obtained from the difference between the absorbance of the 
solution containing sterilized steroids and the absorbance corresponding to the 
interference of the unsterilized steroid in colorimetric development of the solution. 

Lisbon, 22 May 1979. 

THE OFFICIAL INDUSTRIAL PROPERTY AGENT 
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